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MINING AWD UTLLING PRACTICES A™ SMALZ GOLD MiNEsL/ 


By E. D. Gardner2/ and Cur ats Johnson3/ 


INTROLUCTION 


This paper discusses small-scale lode gold wining and milling, It is 
abstracted from a tulletin veing preovared by the \nited States Bureau of 
Mines entitled "Equinping, Developing, and Coeratin; Small Gold Mines," 


Gold is widely Gistrib-ted in the mountainous regions of the United 
States; relatively fe: deposits, however, can be profitably worked on a 
large scale, Because of th: high intrinsic value of gold, ores containing 
tnois metal may be very rich; hence it is »ossible to mine profitably smaller 
bodies of gold ore than of the more comzon metals, ; 


During periocs of depression when the vrices of base metals are low, 
increasea interest is shown in gold mining. Moreover the increased price 
of gold which went into effect in 193% greatly stimulated gold mining. 
From 1931 to 1934 iaany individuals anc small crows were engaged in ths 
exploitation of gold deposits where the ore occurred in narrow veins or as 
small bunenes, In most cas=s current day's waces were not made by the work- 
men; in other CASES, however, fair returns were obtained, During this period 
many old gold mines also weve reovened end new. voli pronerties developed by 
organized commanies, Only art of the onerations hy companies wore success— 
ful, liany of tne unsuccess ful cormanies were inadequately financed; others 
failed princinally tecaise of iue-merienced or poor management, 


A carefrl study of tre conditions nertainins to the occurrence of ore is 
of assistance in the search for oresioots and in »lanning development work in 
ee Mee 


/ Th The Bu Buren of Mines will velcome reorinting ox this paper, provided the 
following footnote aclmowledement is used: "Reprinted from U.S. Bureau 
of Mines Information Circular 6890." 

2/. Supervising engineer, U.S. Bureau of Mines Southwest Experiment Station, 
Tycson, Ariz. 

Sf: Assistant mining ie he U.S. Bureau of Mines Southwest Experiment 
.. Station, Tucson, Ariz 
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Usually the oreshoots in gold mines (that is, the vortions of veins that 
are sufficiently rich in gold to permit profitable mining) are distinguished 
by the presence of certain minerals or by their relationship to one or more 
of many geological features, They may occur in a certain country-rock forma- 
tion or only where cross-fractires intersect the vein or mineral zone, Every 
effort should be made to discover such "controls" or "guides" if any exist, 
Continual assaying of samples of distinct tyves of vein material and wall 
rock, with a careful study of the appearance and structure of the ground at 
the point sampled, usually yields veluable information, For instance, it. 
may be snown tinat the presence of pyrite, or perhaps of amythest-—colored 
quartz, indicates good values; again, the ore may be richest where the vein 
material is strongly fractured or where it contains many vugs or cavities, 

In some instances, swells in the walls are. favorable points for ore deposi- 
tion; elsewhere the zold content may be highest where thé vein is narrov,. 
Possibly tne vein may contain ore only near certain dikes or may "make ore" 
only in one of several different flow rocks, Such discoveries increase the 
chance oi finding new ore and help to avoid misdirected effort. If tne ore 
is free milling, the samoles may be tested quickly and cheaoly by panning. 
This form of testing, nowever, should be checked frequently by assaying. 


Although thin veins are sometimes extensive, as in some California mines, 
the general rule is that in narrow veins the oreshoots are both small and 
irregular in form, The first principle to be followed in developing narrow 
gold veins, at least until the oreshoots. have been proved to be of consicer- 
able extent and regularity, is to follow the ore. It is noteworthy that even 
in old, productive mines where ore has been found more or less continuously 
for hundreds of feet from the outcron, winzes are usually sunk on the ore to 


prove its continuance before the deepening of a main shaft to the next lower 
level. is started, The most common mistake made by inexperienced operators is 


to run costly long drifts or, worse, crosscuts to prospect narrow veins at 
depth when it would have been possible to gain the same information much 
cheaper by sinking on known ore, Long crosscuts are s eldont justified without 
definite knowledge that the ore extends downward, 


Faulting 


Faults may be premineral, nostmineral, or both, If a fault that cuts 
through an oreshoot is older than the oré, it often appears to have acted 
as a barrier to the ore-bearing solutions with the result that there is no 
ore on the farther side of the fault, This is common when a premineral fault 
contains much gouge. If, however, the fault that cuts off an oresnoot took 
place after the ore was deposited, there is reason to hunt for the displaced 
ore beyond the fault. The fault is then studied to determine, if possible, 
the direction and distance of the movement, The evidence pertaining to 
faulting questions is seldom clear-cut, yet exploratory work based on geologi- 
cal deductions is better than »nure BuSSRyOres 


When a fault is encountered miiéveeound that cuts off the ore and dis- . 
places it so far that a round or two in either direction fails to disclose 
its continuation, the surface is first examined carefully to see if the vein 
outcrop is offset by a fault that may be the same as the gne found underground. 
If such a fault is found the direction to seek the vein underground should be 
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apparent. Even if the fault does not cut the vein outcroo it may have dis-— 
placed dikes, sedimentary beds, or contacts in such a way as to give an idea 
of the direction end amount of displacement, 


A study of the. feult breccia and fault surfaces sometimes gives a clue to 
tne direction of throw, If crushed fragments of vein material, especially of 
mineiels found in the oreshoots, ars found in the fault govze, the fault is 
presumed to be later then the ore; the trail of crusned ore fragments indi- 
cates the direction of movenent., Rock fragments in the fault zone sometimes 
leave tracks ou the vaalt surface, If euch a fragment can be found still 
embeuded at the end oi its firrow, it shows which way the o> .0site wall has 
moved, — ane 


Faults are not simple; relatively worand=down ney ee of the two sides; 
usually the movements .have been in oblique directions, This can be seen from 
the slickensides on the fault eurfaces vnaerzground, Furthermore, faults 
‘seldom consist of a single clean breax, Often tiie vein will be offset by 
numerous minor favlts on eithex side.of the asin breat's, These minor faults 
generally show tne same relative directioa of displacenent as the main one, 
hence may show which way to turn. | F sucn minors faults are seen to ‘exist in 
the country rock yet do not oifset or cut the vein, it is assumed that they 
and the large fault to wnich tiey zppear to be related are oldex than the ore, 


If faulting is at all complex or the :aine workxings are extensive, a sur- 
vey will be needed to show the relationship of underground and surface features 
or of faults and veins cut on different levels, A detailed discussion of 
faults is to be found in most textbooks on geology. 


DEVELOPMENT 


The manner of develooing a small lode mine depends mainly upon the mineral 
showing and the financial resources of the overators, Tne mineral showing in 
the vast majority of vrosvects being worked is.not sufficient to justify ex~ 
pensive surface plants, ioreover, many of the operators co not have tne re~- 
sources to buy such nlants even where it vould be economical to co so, Many 
ingenious and inexnensive devices for noisting ave noted in the field, Old 
automobile engines which aie obtained for little carci outlay are used for 
power: in any, PRneeee 

wie #ion of water is encountered in wor'cing from a shaft, power pumps 
are necessary, Water souetimes induces tie operators to drive adits to give 
the neceserr sy.’ depth, 


The first worl: done on narrow veins venerally consists of opencuts, If 
the relief is surficient tne vein is then followed by a drift. Shafts are 
suni: for deeper develonment and raises run to explore or mine the vein above 
drifts. Crosscutting: is seldom necessary unless more than one vein is worked 
or a vein -is reached throiysh a crosscut from a shaft, Most of the exploratory 
and development: féotage at small sold mines consists of drifting, In the 
-early stages of the work, at least, these openings are driven by hand, The 
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drifts generally are sbout 6 feet high and 4 1/2 feet at the widest part; taey 
are narrower at the top, and the baci: is usually arched, Drifrts are im as 
small as pricticable to save in first cost and to reduce the neec of timbering; 
the minimum size generally is governed by the size of a trammins car, 


Hand-drilled rounds which are seldom over 2 or 3 feet deep can be broken 
readily in these narrow workings, However, where machine rounds are drilled, 
usually it is necessary to widen “the davis t to permit a longer round to be 
vulled, ; 


A common fault of semlonatcrs drifts is tnat the grace is so steen and 
uneven that tramming is difficult, A straignt e(ge made of a l~ by 4— by 12- 
foot board and a carnenter's level generally can be used to ;sood advantage 
for indicnting the grade, A block of the thickness of the desired ee is 
used on the outward end of tne straight elge.. A-grade of </4 inch to 1 1/2 
inches to 12 feet will PES hand tramming easy and give good draiaag;ee 


Attent oo given to the -osition of a, develewient drift on a narrow vein 
witn reference to the vein will be of value wien ore above the drirt is 
stoned, if the vein is quite steep the drift may be run equally well vith 
the vein on either side or in the middle, If tue vein divs 60° or less it 
is more convenient to have tne crift in such a position that the stone floor 
will intersect the side of the drift high enovzgn to install chutes for load~ 
ing a car or «a bucket, Figure 1 shows three drift positions; in flat veins 
tue. crift is rum as far uncer the vein as vossible without losing signt of it 
entirely, , 


There is usually no difference in the size or shape of ¢crifts and cross= 
cuts, Crosscuts commonly require less timber than drifts because country 


roc away fron te ore zone is usually less fractured and altered and is 
tnerefore stronger, When drifts reouire suonport it is souwetimes vossible to 


utilize single post and can sets in which one end of the:caz is hitched into 
the Lootwall, ain timbering may be required near old worrings Lia usually 
is not necessary in new wort, = . poe Bie 


Shaft sinking is the most costly form of development work and-requires 
the largest initial exnenditure; the footage of shafts, however, is relatively 
siall commoared to taat of drifts, Inclined shafts are commonly simk on the 
vein at small gold mines; this practice permits rollowinz the ore.down and 
eliminates the necessity of crosscuts to reach the vein, as required when a 
vertical shaft is sunk in the wall rock, -Timbering in an. inclined saaft is 
Simoler and chea»er than in a vertical shaft. The timbering in an anel sued 
shaft is shown in fi-ure 2,A, and in a vertical shaft in figure 2,3, .Vertical 
shafts must be timbered even if the ground does not require the at in 
order tu provide a sefe manvayr and to hold guides, For all denths over 7& 
feet zuides should be used, 7 | | | 

In a small mine the inconvenience and limited hoicting capacity of an, 
inclined shaft usually are not serious enough to justify sinking a vertical 
shaft iu the comtry rock, Horthermore, stoning in a narrow vein in the 
Vicinity of a shaft is rot likely; to causc the shaft to cave as it frequently 
does in widé devosits, 
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At the start of overations sin'cing usually is done by hand;. hand wind 
lasses my be used.w) to 190 feet or ever. deep_r, For depths over 50 feet, 
however, power hoists are more economical, | 


Raising is of less relative troortance in thin veins than in. wide devosits, 
Some raising us.ally is necessary, however, for access to oreshoots that 
terminate above a given level, for ventilation ana entrance to stopes as they 
approach levels above, and vor emergency exits to the surfuce, Raises usually 
are run about 3 1/” or 14 by 7 feet in section and timbered with stulls, If the 
dip is over 45° the raiscs generally contain two covpartments, one for a 
manway and the otner for aa or? cite, 


In mining narrow veins a relatively small tonnage of ore is made available 
by a given amount of development; in cther words, development cost per ton of 
ore is high, The following table show the tons of ore developed per foot of 
drift in narrow veins with 50=foot lifts, 
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The cost ver tor, for example, in a Einch vein would be the cos*s per foot 
of drifting divided by 2,1. If drifting cost $5 ner foot, the develooment 
charge for this item alone wild de $2.49 per ton, to whicn must be added the 
usually greater cost of drifting; in barren portions of the vein, as well as 
crosscutting, raising, and suaft sinking, 


The direct cost of driftins by hand drilling is cbout the same as that 
with power drills excent in very aard rock, Tie »xogress, however, with an 
equal numoer of men vorkin t is only about one third as fast wnen drilling by 
hand as when air drills are used; thus, when tiere is any overhead the total 
cost of hand Grilling is nigher. Most work done by hand is near the surface 
where the rock has been more.or less altered and is therefore easier to break, 


Drifting costs as low.es $1 per foot have been obtained in running short 
adits vy hand, starting at-.the curface, In hard rock the cost may be as high 
as $29, The average direct cost of driftinz in all types of rock by hand is 
about $5 per foot, Crosscutting costs are usually higher, Progress per man- 
shift in drifts is usually about 1 foot, ‘The maxizmm and minimum progress | 
noted by the authors was 4 fect wer mon-shift iu »icking ground and 4 inches 
in tougn limestone--botn at »rospvects in Montana, 


The total cost per foot of development work under the same natural con-~ 
ditions varies widely, Men wortcing for themselves or on a contract may work 
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a full shift underground and. then sharpen. their. ‘steel and do other miscellan- 


“ gous jobs. after nours,. foreover, “in running relatively - short adits with 


power drills they may get along without a compressor operator, Men working 
for day's pay, nOMEN OR cannot: ue crecven to ae ‘in hie aces or do these 
extra (jobs, s 

“ates work is iene: on company ‘acesunee Seer ueion must be provided and 
other overhead expenses incurred,” The effect of overhead on costs is shown 
by the following; example, An adit run by the two owners of: a claim cost 
alittle under $5 per foot; this included the prorated cost:-of ‘second-hand 
blacksmith tools, track, and a 3/4~ton car, Later a company was formed, a 
compressor was installed, and two headings were extended,t The direct cost 
still remained close to $5; the total cost” per foot, howaver, was increased 
by the salary of a superintendent and office expense in a Aistant city, making 
a total cost of $8 per foot. The property was tien taken ovér by an explora- 
tion commany, more equinment installed, and the work continued, The total 
cost per foot including engineering and central office exnense was over $15 
per foot for the work done» , 


Development drifts, run a shafts are usually more costly than adits, 
Pumoing, hoisting, and top expenses may multiply the direct drifting cost 
several fold, As an example, the cost ver foot of extending a single drift 
from a 200-foot interior shaft was over $40 in a Colorado gold mine where 300 
ar of water was pumped ner iminute, 


In a producing mine the total cost of drifting done before ore was dis- 
covered on two deep levels, as figured for, income—tax, purposes, was $20 and 
$23 per foot, respectively. The: direct costs were $9 and $9,60, 


The cost of pepepechamsrea ranges from $7 +o $60, depending upon the 
natural conditions and the size and depth of the shaft, ‘Table 1 siows a range 
in the cost'of prospecting shafts,.: 


MINING 
° elms ‘of gold’ ¢ ore are Saried wniere the gold may ii contained in a single 
eiread or ‘Séam down to less than an inch wide. Where narrow streaks are stoped, 
vaste edjoining the ore must be broken to provide working room, Tne minimum 
working distance required varies in different localities, In western metal 
..mines' being worked on company account it is customary to break enough ground 
(S to 7 feet) that men may stand erect or nearly so.in flat deposits or that 
they may work without rubbing their arms in steeply inclined veins -(3 to 4 
feet). Lessees, however, may work 4wlile kneeling; down or lying oh their sides 
in. flat, narrow veins, The minimum distarice noted by the author was 18 inches 
in a ‘vein that dipped 280 at the Herron and Laster lease at: ‘Superior, briz.4/ 
Mexican contract, miners in the Arizona asbestos mines work in flat stopes 16 
to 18 inches high; American metal‘miners, however, rarely abacus these pee 
tices, The breaking of waste to oo ‘working room is called "stripping ." 


4] Ga. Gardner, E.D., Mining Methods a and Costs at Herron anc aa . Laster Lease, Simer- 
“Lor, driz,: Inf, Circ, 6799, Bureau of Mines, in press. 
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Stopes ordinarily can be much narrower in steeply’ dinving deposits than 
in flat beds, Usually’ enough Sround is’ broken in‘steép veins that a man can 
stand and worl facins the strike of the deposit. A small maa, of course, can 
work in a narrower ‘olace than a larzve one, The minimun wicth in wiich a men 
can work efficiently is about 24 inches, The. senior author, however, sas seen 
ancient stoves in Mexico taat had a maximum width ef 15 incoes. between walls, 
Mexican lessees in tne Southwest sometires carry stopes about 18 inches wide. 
Tie ustil minimum range in procuciag: mines where steeply pitching, na: row 
scams ee pined is 2 1/2 to 4 fcot. 

Phe is tanieetnieneee carried, within a range of a few inches, will depend 
uno the width of the vein, That is, avman will work in an wmcomfortably 
narrow niace before he will break any wall rock. If one of the walls, however, 
must be broken, enouwzh rocil: usually is- blasted to allow »nlenty of working 
room, in nard rock « wider onening is necessary than in soft materinl in orcer 
tnat. the ground mey de erficic ed acs on bY the exp toetVee ss: 


Another seiids vation’ in oe is the solu of waste broken in  metbine 
out tuc ore, The volwise of rock increases about 50 percent after being sFro-cen 
froa the solid, It is desireble, therefore, in mining narrow seems of ore to 
brea only enough waste that the exoansion or "swell" will just fill the snace 
occusied by the ore, As an illustrut‘on, where the ore is 1 foot thick 2 feet 

f waste after being broken vould just fill the stope, disresarding the space 
tacen wo by chutes and manrezs. Usually, however, chutes: enc manways . occupy 
@ CcouSiderable part of narrow stopes. 


- Generally wider stopes are. taken up wnere machine drills are used than 
where the ore is mined by hand wader similer conditions. Waere the ore is 
soft. it is usually nicized out o¥ drilled and blasted. lightly. After the 
ore is removed from the stone the waste on one side is drilled and blusted 
and used for filling in the stope, All waste in excess of that needed for 
filling must be removed. Wnaere the ore is narder than the waste or is"frozen® 
on a wall the waste usually is broken Yirst. Ia flat veins or beds working 
room is provided by renovin;; waste fro:. over the ore wherever practicable, 
After stripping the ore may be either drilled and blasted or r picked Gown e 


Clean mining is very desirable in snall~scale. mininz That is, the ore 
siould be kept senarate fro. the waste or vein filling nic is too low grade 
to pay for mining by itself, Frequently in sold denosits tue gold occurs in 
Narrow streaxs in the vein, Occusionslly, howevcr, tae streaks may ve so 
irrejsular that they cannot be broxen separately and considerable waste nrist be 
included with the ore, In general, wnereves practicable,‘o11 material not 
paying its own way should be left behizd in the stones, Under some conditions 
the saving in mining costs per ton made possible. by eri a. wider orebody 
May mace it more profitable to take out all material between WALLS. However, 


in small-scale mining as discussed in this paper this con@ition | geldom arises, 
i i 


Cleaner ore can oe bro! cen and nae oNeie ceand: ‘mindd srleripise nhen hand 
drilling is followed. Wir drills may be used for:development work, but tae 
stoping should be done Dy nand to nroduce a: cleaner product. ¥or instance, at 
the Palmer mine, Gola Hite Utah, the ore is mined. by ang where . 18 inches or 


( 
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i2ss thick, and where over this width dvilling is done with air drills, At 
tae mine of the St.’ Josenh Lead Co,, at Atlanta, Idano, no hand drilling is 
done; here the minimm width of stones is 4 fect, Wheré the ore ‘is less than 
tnis thickness it is first brolcen and removed, then enough wastéis shot 

down to prodvce worlting roon ar’ to nrovide filling. Where the ore is less _ 
than 18 inches thick the portion of the vein conteining the ore is broken to © 
tnis width and sont to the mill, then 2 1/2 fet of the vein is shot down. 


Where stripping is necossary tne stoning cost per ton of ore increased | 
as its thicimess decreases, ‘The following table shows the tonnage of waste. - 
broken to each ton of ore in streceks of cifferent thiclmess in a 30-inch... 
stove and the tonnage of waste tht must be removed vith cach ton of. ore, 

It is assumed that the ore and waste have the same specific gravity. . 


ee rt RE Ree ee eee . 
| Waste broken Waste removed 


Width of ore por ton of | per ton of 
ore renvuved, tons ore removed, tons 


1 @ereeeeeoseeneseeenee inc. eecones 29 14 
i JgtS06G ee 0eeeteeeewee: CO ecoee 9 4 
6 @eev,eneseerssecevrsesen Co eoeee 4 ay 
9 @eeseeevnegaeensevneenneeed Co @eteees ooo 0.17 
1 Ceoeoeceenesegecacernneeee foot ereeoe Led @) 
1.0 ereeteoeseetesesees co. evren el? 0 
A te Cee e eb ae WO aaeca ews (6Ke) eeeee e20 O 
Lev CCHOeCC CHRO EE SOLE EE do eveece | @ 6) 


Cuteand-fill, open-stonirz, or shrine methods are used in most small- 
scale gold mines, On tne whole simpler practices are followed than in large 
.deposits, Where strirning or sorting is neceerc cary at the face a cut-and-fill 
method generally is acdonted. If a11 the materizl broken is removed, open 
stopes usually are preferred, Suriniage seats ay be used in steeply dinning 
veins where the ore is 3 féet or more thich: and the walls require sunport 
afrorded by the bro:zen ore. In very heavy ground a modified form of square- 
setting may be followed, 


Small or erratic oreshoots are generally zined out as found; no fixed 
routine or planned procedure is oractic-ble, Were the ore is fairly extensive, 
however, it is attecixed systematically, Were small tonnages are handled in 
steenly dipping veins the exneinre of ore chutes may not be justified and the 
ore :nay be dronped to the drift below where it is suoveled un by hand, Further- 
more, if the ore is hoisted in buckets, chutes may not be practicable om account 
of tne easy blocking of the: small gates reauired for loading tae buckets, In 
most cases, nowsver, chutes are vsec, especially in cut-and-fill stopes, 
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The ventilation of small stopes may present a problem, Wherever the size 
of the orebody permits, a raise is usually run to tne level above before 
stoning begins, In open stoves from a drift the natural circulation of air 
currents may suffice, Where such stopes open from a raise, either a second 
opening or.mecnanical ventilation is required, Small stopes can be ventilated 
adequately through tubing by means of a- blower where either compressed air or 
electric power is available, Wherever ~racticabley. ‘however, a second opening 
snould be provided in all stoves. The filling in cut-and-fill stopes and the 
ore in shrinkage stoves prevent the.free circulation of air from below, 
Natural ventilation in cool mines may be sufficient if two or more openings 
ace carried up from the level, Where drilling is done by power drills tne 
staves may be ventilated mes compressed—air jets, but this As an expensive 
way of supplying air, | 


Cut-and-Fill Stoping 


As mentioned above, the cut-and-fill method of stoping is used in most 
cases in steeply dining veins wnere it is necessary to strip the ore or to 
do much sorting at tne face. Back filling the waste provides a cheap metiod 
for its disnosal, Stulls with headboards may be used for sunport in addition 
to the waste fill: if the ground is neavy . 


Stope rounds usually are drilled vertically; the’ first’ round’ on a cut is 
drilled as in starting a raise, Subsequent rounds tenerally consist: of as 
many holes as a man can drill and load in a shift; this ranges fromr 3- to- 7 
holes 2 1/2 to 3 1/2 feet deen when drilling by hand to 20 or more 5- to 6- 
foot holes when air drills are used, Drill holes range from 1 foot apart. in 
narrow streaks to 4 or 5 feet in wide stopes. ° Where ‘sorting is necessary 
horizontal rounds may be drilled, , This system of breaking limits the number 
of working faces in a stope and may reduce the tons brolen ver man-shift, but 
these advantages may be more than compensated by the better opportunity afforded 
to break ore and waste senarately and thus keep the ore clean, 


| Stoping by this method in a small orebody in a narrow, steeply dipping 
vein is shown in figure Se hoveling is difficult in‘narrow stones on account 
of the restricted room; a free swing of the shovel is not ‘possible, Therefore, 
chutes are vlaced closer together in narrow stopes ‘than“in- wider ones. The 
spacing of chutes ranges from about 20 to 50 feet, depending upon local condi- 
tions, In some stopes wheelbarrows are used and the raises spaced relatively 
far apart. In oresnoots wo to 30 or 40 feet long only one caute and manway 
may be used, In small-scale mining the ore uswally is brolen into small 
fragments, hence chutes with small cross section can be used successfully 
unless the ore has a tendency to be sticky. The cross section of c.mutes 
ranges from 2 1/2 by 2 1/2 to 4 1/2 by 4 1/2, feet inside measurement, In 
stopes under 4 1/2 feet wide ohe dimension of the’ chute is a the dis- 
tance between walls, | | : 


Chutes may be cribbed (usually with 4- by 6~inch or lighter + inter) or 
may consist of plank lining inside of sets or on stulls placed between walls, 
In ground that stands well, stulls for holding the chute lining: may be placed 
in hitches in the walls about 5 feet apart vertically, In ground requiring 
Support, sets would be used instead of stulls or cribbing. 
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Fig.4.— Representative method 
of stoping relatively flat, narrow veins. 


Pig.5.—Vertical section, cut-and-fill stope, in small ore body. 
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The minimum. section for a manway is 2 1/2 by 2.1/2 feet, Larger manways 
tnan this, however, are usuvally built, Savety rules in most States require 
tnoat Jadders in manwas be. stagzered, anc to de tis one cimension of the 
manway suould de at leasb 4 fect, 


Where insufficient waste ts broen in stoping to suovly the required 
filling, one of the welig may he slaibec, waste reises rua, or filling brought 
into the stope through: riises froiu toe Level above .2 


Care is nsccossary in breaking hizgh=srade vold ore that an appreciable 
amount or tue gold is not lest, As the «race of ore incroeses, greater re~ 
firements iu handling are justified, Tie fines, which usually are very much 
ricner in gold than the rest of the ore, are the most ensily lost. In cute 
and-fill stopes a mediun-:rad2 ore probubly wovld be brotzen down on a plank 
floor in which tne chinks were eslked with sackin: or so~e similar material 
anc. thence shoveled into cites. In so1e nlaces canvas is laid under the 
flooring. Unusually rich ore is viclkced Com into the boxes, or if blasting 
is necessary it is sact Jizhtly and cavent on canvas; it is then sacked in 
the stove. Rich ore may be hardicd in the saic manner with any method of 
stoping. wrequently it is found that enows gold v2ts into waste fills to 
justify pulling this materiel later for rill ore, Frequently old fills are. 
also screened to recover rich fines that escaned in stoping, — 


Open Stoning 


Wnere all the material is removed as brolcen and the walls of an orebody 
will stand without sussort exceot casv2al stulls or oillars, the open-stope 
method is usually folloved., ‘This method is used in veins of any degree of 
din. In steeply dinning: deposits stulls are used for hcelding drilling plate 
forms, The ore. is alloved to drop directly to the bottom of the stone, or 
it may be directed to cnutes by slides jicld in place by stulls, As the dip 
decreases, relatively more sttinning is required in narrow veins to provide 

eadroom and getting the ore out’ of the stones ts more expensive; these dis- 
alvantages may be offset »artly by zrenter ease ii: setting: around in a stope 
anc less time required to build drilling platforns, 


In flat deposits cars‘or wheelbarrows may be used for removing ore from 
stopes, On dips.over 8°? to 109, howevar, cifficulty is experienced in push~ 
ing emnty cars upitho grade, broken ore readily runs down slopes of 45° or. 
more winless it is sticky or. becoszes nacked in cluites, Ca slopes of 20° or 
259 to 45°, the ore cen be nulled readily or assisted down the slope by means 
of ashovel, Slopes between 10° and 209 present the most difficult operating 
problems, The ore either has to ne shoveled several times to get it out of a 
stope, or some mechanical means must be employed, Scravers are generally used 
now in base=metal or relatively large-scale gold mines o1 all slopes down 
waicn the ore will not.rum by gravity. In smallescale 01d mines such instal~- 
lations generaily ere not justified, Moreover, if the ore is highegrade, the 
5/ Johnson, ©. He, and Gardner, E. D., Cut—anc-Fill Stoping: Informat ton 

Circ. 6688, Bureau of Mines, 1983, 58 vv, “3 


+. wer amee 


eel - we ll @ 


Google 


I.C, 5800 

prohability of losing values may preclude the use of scrajers, Generally, 
highezradue o1e is ‘towered: down flat slopes in » car, .The car is mulled uw. 
the grade bY wn2ans of a uoist or a henG windlass rnich 18 Also used as a 
brake in lowering, 


figure 4 shows the general olan co:monly used in stoning narrow, Ilat= 
dipning gold veins, When strix ving or sorting is done tha waste is stored 
in the stope, Whee’ the snéce is entirsly filled tie metund would be classed 
as cuteanc~fill stopinz, Details ere vurled to suit local conditions. aa) 
figure 4 the ciutes and TE MATEY S take uw» cbhout ene tnoird of the stove aveas 
only two thirds of the svace is “therefore avatiiable for tering WOSva Sead 
in strinping tie Ore 


‘The ore chutes nay be sniced fron 20 feet avart, as srown in figure 4, 
to tivice tnis distance, In orebodies leses.than 40 or 50 f:iet long only one 
ore chuts and manway provadly woald be ussd, Where ‘the laveral cimonsion of 
the deposit is extensive, pillars are left st the drifts, Lean nortious of 
the veins may ulso Do Lett ce villares, Tne drift nillars generally ere exe 
tracted as tre last vhase of the ctonin;, In figure 4 stuils are shorn only 
alon,s tie chutes and wanwave; they also may be used rherever they are required 
for roof swoport in 2 stope. in heavy sround the warte world be nacxed 
tightly under the back, I: sich grouni, stvlls with headboards would be 
placed at regular intervals as room was made at the faces 


Drilling may be cone by hend or by air drills, In the latter case stopers 
are preferred in most nines wuere the din is over 20°.or 250, In flatter 
deposits mounted maciines or handeheld jackhammere are veuerally enmloyed, 
depencing wion the cnarnctur of ateriel drilled, Figure 5 shows a drilling 
plan in a fuce containing 18 inches of ore ani 3-feet of strippiug. Where 
practicable the waste is drilled and strioped from over tne ore. The waste 
is then pulled or shoveled into the gob, ‘Planicing is placed to prevent waste 
rolling into the ore chutes or manways. Arter -gobbing the waske tue ore is 
broken and shoveled into the ore cnute, The floor of this part of -the stope 
is tiien cleanec. to rccover arly particles or gold, 


It is comnon practice to sweep the footwall and t 1en wash the walls ard 
timbers with 1 hose to recover fines in open stoves after.the regular stoping 
is commleted, An appreciable amount of gold may be obtained in tuese clsan- 
ups, The higuer recovery thus possible ‘in open stopes maxes this method of 
stools peererene. Wwhers other conditions are cqual, 


Tne ore cuutes usually consirt of two rows of stulls lined on the: jnetaa 
by one or two coursss ov .lanicing, The ore is worked Ccown the chutes by, 
shovels shown in. figure 4 Te thir dip is less, track may be laid in the chute. 
comartnent and cars pulle@ into’ the stope for loading, oz small skins may 
be used which cum automatically in vockets at the drift. : 


In nearly horizontal denosits the stones are laid out to fit the haulage 
system, and a method analozous to ‘Yoom-and-pillar stoping is ueéd. Usually | 
where stripping is necessary the waste is gobved to support the ‘back and 
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relatively few niliars are required, 'Wnuer? strinping 2 not necessary the 
method of stoping (fiy:. 4) would wroveadly be varied ty leaving villars 
between stove sections until other stooing onerations are compicted, 


. 


——w_w ome oe 


In shrinkayre stoping only on. meh ore is draym to allow for the expansion 
or, as it is called, "swell" of ce ore, Avout one third of the ore is thus 
Grawn as orokens; the other two thiids is removed when breaixing has been con 
pleted, Tue metnoc is not used in veins dinning less than 45° or less than 
3 feet thick, Cre iias a tengeucy to "han: ws" in narrow stoves which makes 
this method of mining dangerous in nerrovw veins, Moreover, in most small~ 
scale mines expediency recuires the ore ton we removei as soon as broken to 
keep a mill runni.y or to provice money to meet tac sey roll, Under these 
conditions open stoning rather thin sirinkaze stoping woul be followed, 


Drilling and blesting are done in much the same manner as in cut-and~fill 
stopes, lio sorting or sslective mining is, of course, nossible in a sarinkege 
stope. Horses of waste, icweves, may te left mbro!zen as nillars,. A manway 
is usually carried up each enc ae & stobe, COr.tes are built at intervals of 
10 to 25 feet aloag the bottom of the st.00e > tue ore is drarn into cars, 


Shrinkage stones savulad be Crawn dorm evenly, The drawing snould be done: 
with care; if the stove "holds im" no ona should be allowed over tha place 
wnere this occurs witil the obstruction is overcome, Shrinxcace stosing has 
been described in cetail by Charles F. Jackson in United States Bureau of 
Mines Information Circnlar 6295, cntitled "Shrinkage Stoping." 


Timbdered Stones 


As stated vreviously, timvering iny be necessary to hold stopes open, 
In nearly verticel veins squarcecets or stringer sets.may de used with verti- 
cal and horizontal members, Mhiis metrod oe timberins »ernits both walls to 
ve lazj;ed readily, In narrow veins dissing 45° or less timbers are usually 
placed normal to tne walls; in nearly fr “veins vertical posts are used, 
In heavy ground the tinwbers are placed at r:eular intervals, The hanging 
wall can be lagred with headboards wien etulls are used, out usually when 
this sup»ort is needed sets are npreferavle, Firure 6 snows a square-set 
filled stone that dios 89°, The oheke may or mazr not be filled, devending 
upon whether waste is available or pee is recuired to suoport the walls. 
Where filling is not used and the walls have a tendency to spall or slough, 
lagjsing should de used baciz of the sets, 


Figure 7 snows a tinbered stone in a vein idinping 45°; it also shows ton 
lagging. If the stopes were filled the lagsing a iatad would not be used. 
Scuare~setting nas been Jjescrihea ae cetail in United Stetes Bureau of Mines 
Information Circuler Goes entitled "Square-Set uyetou of wining, 9 
by BE. D. Gorcnes cot ¥, 0. Vandertire, | 
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Tatle 2 shows tonnaszcs ver man-s7ift orodaced in stoning at 13 renre~ 
sentative mines where narsoy veins are mined, : 


EQUIPPING SMALL GOLD MINES 


The first work on a ;ol* orosyect is usually done wita hand tools, 


swoeman crew ai... 


jim; ovencuts eud driftias or crosscuting, the follow~ 


in? hand tools wiil be reciulred, The pricss listed are custations of a 
Mining suorly nousa in ana “Acigona wining district cna on a maineline rail- 


road, 
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The yricss orodably are averaze for western districts, 
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Mining . nend. 1 tool Ss required for tanwaen 
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Vait 


SP SR ee tg Cow ee 8 we aw ote 20 + - Be ome wh Aw ee oe oe om ee 


Picks. (without hancles) .eccscccccccccccce 
Pick | haz Alles COHOC CHC HOO HOHOS HOS ORN HELA ESEE® 
shovels @eseeteoeeoeaenoeevseaeoeene7aeoenuenene0ne2d ee eoegeee eed 
ees jaciziemacr (& nounds) ceccocccesccee 
mer handle @eoeeeeeeneaensveonneaesoneaeneneee een @ 
Single jacichemmers (4 pounds) ..secececcce 
Sone l DAUALEG: 6:6 9:ci5 pratania oe eis eeiews ewe eae 
Sets of Hani steel; lm, A4-, or SCeinch 
lengths; 2 1/4 pounds »er foot, 27 vounds 
ver set at lo cents ner pormd cut. in. 
lergths, Der SAb cocsccvcccccevcccescseees 


Wheelbarrow (stce1) JisaGeaeees eee eeeen eee 


Blower (commicte) cecccccscccvcccccccccces 
Anvil (A%—nounl, Cast—ivoi:) scecccsccccces 
Snarpeniiny - lemuer CCOHOT CHES CECH O CE ELLOS EELE 
Hardy CSe ce aC eee sereesereresresereeaeneses 
Pickc—up tons SCFCFCCCHOSCSCCHOHRSSHEFLEOHOEOSASHEEO CS 
Saw i A ee 


Ax Oo re ewmoweenererneeeeseeereeereveeseanee 


Carbide. Jamas Trrrrerrereererrrrererrrrr nr nar 
12-inch aecla WATL secncccsesocesoseveseeree 
Mortar end  estle ( Qequart) TEererrerer tl, 
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When the face of an adit reaches more than 100 feet from the surface, a 
gar and track for removiry: tue broken rock will be an economical investment, 
A 12-cubic foot car will cost about $503; 8-pound rails will cost about $63 
per ton end 12-pound rails $€7, or $18,10 and $26.80 per 100 feet of tzacix, 
respectively, For each 100 feet of track 100 livear feet of 4~inch by Geincn 
ties would ve used, At $5 ner 1,000 buard-feet, this would be $11, The 
S| per 100 fect of trock for ties ond Sound rails would therefore be 

eels . 


The minimim quantity of :aining supplies to be wurchased will be3 


t 5d—mourid box of 7/8 by Sinch, 40-nercent strength 
eelatiy dynamite COT COT OHNO H ECHO ARHSSHTEH LEFF PORE $ 9,00 
l box NO « 6 blastin; CadS ee ry eer a re rar 2el0 
1 coil (190 feet) fuso CPOCSSCEETEHSSSHEHSO FS CEH HCHSERECELEOE 1,10 
100 pounds blacksini ta coal Sb oS Sebo Wie bole tea 0 66 en we we eee 1.00 
Carbide, trecic soikes, nails, and other incidentals es. 2,00 


Total initial surmlies ceccccccevensccnccccessescersere $17.2 


« # «© «© @ @ 


'r@e@e_e x » @ @ 


“As depth is attained ‘at.'a vrdspect ‘A gasoline hoist will probably be used. 
A Shp, gasoline hoist (a# quoted delivered at Arizona points) will cost about 
$420 and a G-hp. hoist $600. J headframe for sinking or for small-scale 
production is shown in figure 9, For increasod procuction or sinking large 
shafts to a relatively erect ‘de¢sth a larger hoist and a higher neadzrane would 
be récuired, The heedfranté ‘sown ‘dods not jermit the use of a cage. 


a, i i Se 2 er S| . . 


resvor will cost about ‘$1,650 delivered aud a 160~cubic foot (twoxdrill), 
$2, 450 delivered, Bo eps eR a er Be a Bee ee et _ = 

‘When a cortoressor ‘tg ‘installed, a water-sujsnly line, pive lines, and 
other equinment are usually found necessary, ‘One~incn pine costs about $9 «67, 
2—inch $21,06, and 3-inch $43.55 per 100 feat ‘in small lots from local dealers. 
If elettric power is installed, ex.ensive transformers and switchboards are 
YeOUuLTeds - Le Sie ; 


The price of air drills varies with the model, make, and mumber bought. 
The following quotations were given by an Arizona supply house for. wet drills 


for immediate Gelivery: Jackhaners, $175; light drifters $370, and self~ 
rotated stopers $350, 
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A -V-& automobile engine B- 12x16" geared bee Same 
C - 6x20" | drill compressor D-2'*2% cooling water barrel 
EE Air receiver 
Assembly mounted on concrete foundation . 


Fig 10.— Set-up for driving horst and compressor from asutornobile engine. 


ae Original from 
Digitized by ( i" i) atten, “ane : 
gitized by KOC gle THE OHIO STATE UNIVERSITY 
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Drill steel costs about $14 per 100 pounds in amall lots, One~inch 
hollow round steel for stopers or érifters weighs 2 1/2 pounds and 7/8=inch 
hollow hexagon steel for jacxnammers 2 pounds per foot. 


In average ground 4 sets oi 4 pieces each will be required to drilla . 
round, If two shifts are worked ner day and the steel is sharpened on only 
one snift, 16 sets would be required for one inachine,. The nieces usually are 
11/2, 3, "4 1/2 and 6 feet lonz, respectively, or a total of 15 feet, Sixe 
teen sets af the former would weizh 600 and of the latter 430 pounds, The 
initial purchase for a one=macnine mine is generally 1,000 pounds and if two 
machines are ts be used about 1,500 noiwnds, A thousand pounds of steel at 14 
cents per pound would be $140, 


During the past 3 or 4 years small 701d operators have installed very 
few new comressors, hoists, oi othex mine macninery. Secondhand or hememade 
equipment has poner beon utilized, 


An inexpensive set-up for a small shaft mine in Utah is shown in figure 
10, The machinery, consisting of a power nlant, compressor, and hoist, were 
set on 8 by 8~incn strinzrers resting on a concrete foundation, The power 
plant consisted of a used V8 automolile engine which cost $100 set up, The 
engine rested on two S~inch I beaus set across the stringers. The crank end 
of the engine was held br two 3— by G=inch H beams welded to the I beams, 
Tie other end of the I beams was joined together by a 1/2- by 4-inch steel 
member which also susoorted an adcéed bearing for the shaft, A governor on 
the shaft controlled the sneed of tne engine through the timing gears. The 
corroressor and hoist were not used at the same time, The engine was fitted 
with two pulleys on the same shaft, The comoressor was driven by a belt from 
a l2~inch pulley; wnen the hoist was used the belt was moved to a 10-inch 
pulley, The comoressor had a one-drill capacity and cest $350 new 7 years 
aga, The air receiver consisted of an oil drum, The cooling water discharged 
into a barrel and thence went throuch an old boiler fer cooling. 


The hoist was a geared loys:zing machine and had a 12- by 16-inch drum 
which received a 3/8-iach cable; it cost $214 new several years ago. 


dbout 70 buckets were hoisted from the 160~foot level ina day, using 
3 gallons of gasoline, Four gallons of gasoline was required to run the con- 
pressor 1 1/2 hours, the length of time required to drill a drift round, 
fbout 10 buekets of muck were broken to a round, 


Similar installations powered by old automobile engines were noted 
throughout the western districts, At a small mine near Butte, Mont., the 
hoist consisted of an old hand winch rigged uw to be run by an old automobile 
engine, A band on a pulley attacned to a shaft served as a brake, The cost 
of this installation was less thon $100, The headframe consisted of two 
8- by 8-inch by 16-foot vertical timbers with crosspieces to hold the sheave; 
these were braced by two 3- by 8—inch inclined members, andthe whole assembly 
was guyed with old hoisting cable, Development work was being done and ore 
mined on the 100-foot level, Ths ore and waste were hoisted in an 8-cublie 
foot bucket. One surface man ran the hoist, tended the compressor, and toak 
away the car into which the muck was dumped, He also sharped the steel used 
‘underground, - : 
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The cost of equivping 10 revresentative small gold mines is shown in 
table &, ; 


HILLIVG 


The ore from wost gold mines thet »roduce rerularly over 25 tons daily 
is milled vas tnan shinved to a smelter, ifilling costs are usually less 
than smelte> ciarzes, and further savings in trucking and freighting are made, 
Moreover, ‘saelt in cormanies usually pay for only about 90 percent of the 
gold in the ore; when oillion is shinpei to the mint the full value is re-~ 
ceived by the shiopor,: 


' Three jeneral tyoes of gold mills are commonly used: (1) Amalzamation- 
gravity concentration, (2) flotetion, end (2) cyanidation, In the first tyne 
tie crusned and growid ore is passed over amalgamation plates and then over 
concentrating tables, The nrociucts obtsined are an analeas from which the 
gold is obtainee as billion at the mine and a tadle conceatrate which is 
siipoved to a smelter, A coucentrate wiich requires smaiting is obtainec by 
flotation and a gold »rechoitate vy cyanidation,: Combinations and modifica~ 
tions of these general tines of treatment are used about as often as a simple 
process, 


Cavice of Methods 


The major considerat ious ror the selection of the type of mill at any 
given proverty are: (1) Nature of tne ore (including the kind of ore and 
g&angue minerals aad the amenability of the ore to the severel methods of 
treatment); (2) amomt of ore develoned in the mine; (S) relative cost of 
treatment by tne different methods; (4) cost of marketing the products of. 
treatment; (&) initial cost of milling | dlants of the different types; (6) « 
canital available, 


_ Free-milling gold ore is the only class that is well defined; a large 
proportion of the cold in this ore is rcleased by relatively coarse grinding 
in such @ condition as to amalsanate readily. From sucn ores it may be 
possible to recover 50 to 70 nercent.of the gold by amalgamation after crush- 


ing through perkhans 40-mesh screens, By tebling the ore after it leaves the 
plates a concentrate way be obtained and the total recovery increased, but 


rarely above 75 to €5 »orcent. Freemilling ore is characteristic of shallow, 
oxidized zones, Osten wnen mining extends below the water level the ore is 
found to be more difficult to treat dy caualgamation, Some gold ores contain 
minerals that affect amalgamation adversely and may prevent their treatment 
by this method, Minerals containing arsenic, antimony, lead, bismuth, talc, 
clay, or graphite my couse a dall sirface film to form on the mercury 
and thus retard enalzamation of the gold, When this occurs recovery drops 
and mercury loss me: became excessive. The fold in some ores that might 
otherwise be free -millinz is "rusty" and will not amalgamate. In general, 
however, if an ore is not free, milling, it is becavse most of the gold is in 
such fine particles that it does not paatesneve readily, even when set free 
by fine grinding, 
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Almost all gold ores can be treated by either flotation or leaching in 
cyanide solution, or both, with recoveries generally higher than those by 
amalgamation, Neitner »rocess recovers coarse gold readily; therefore, if 
the ore contains aporeciable amounts of gold that will not pass, say, 2 30- 
mesh screen it is customary to sumplement flotation or cyanidation by tables, 
plates, or other cevices to recover this gold, Fine gold particles, however, 
float readily and dissolve readily in cyanide treatment, so that the choice 
between the two methods usually is based on relative recoveries, operating 
costs, and initial costs, rather than-on the practicability of eithé¥ method, 
Recoveries by cyanidation generally are higher than those by flotation, 
ranging from 90 to 98 as cormoared with 80 to 90 vercent. 


Ores that’ contain anprecieble quantities ‘of cyaniciiss—that is,minerals 
or foreign materials that dissolve in a cyanide solution, and hence consume 
cyanide-—-cannot be treated by the leaching method, Cxidized copper minerals, 
arsenides, end various vasic salts are such élements,.: Graphite or.organic 
materials precipitate sold from solution and thus prevent extraction, Ores 
that contain much clay or that yield excéssive amowits of. slime on grinding 


rete difficulties in cyaniding by making the pulp hard to settle or 
L1Lter, a ee 


Rusty, coated gold is not readily floated, Flotation avoplied to ores 
containing large enounts of sulphide may give a low ratio of concentration 
and a correspmd ing low-grade concentrate, Only rarely tan differential 
flotation be applied to correct this condition, as usually all the sulphides 
are gold~bearing and must be saved, an ee 


The amount cf ore developed is the major factor influencing the scale 
of onerations and thus bears on the choice of methods, The capital expendi- 
ture on a cyanide plant may prohibit its application to very small tonnages 
axcent under special conditions, Furtaermore, considerable expenses is 
involved in ore testing, sampling, and assaying in the operation of cyanide 
plants (also: flotation nlants) which greatly increases the treatment cost ia 
sill] installations,-. Amalfamation ane tabling, on the other hand, are rela~ 
tively simple vrocesses: less affucted by "rawhide" methods of control. If 
the ove reserves are largc, mining usually can be controlled to produce miél 
feed of uniform grade and character, which is desirable for flotation and 
cyanide work but less important for amalgamation and gravity coacentration. 

Treatment by amalgamation and tabling in general is the cheapest of the 
three principal methods, ‘The relative operating costs of flotation and 
cyanidation cannot be goneralized, altiough under given conditions one may 
be far cheaper than the other, Grin@ing is the most expensive phase of most 
milling operations; the amount of grinding necessary to effect the greatest 
profit has an important bearing on’ ths operating cost’ of each methoc of 
treatment, As relatively coarse feed is satisfactory for amalgemation, 
grinding is seldom carried below 40~ or 60—meshi, Generally, finer erinding 
is required for flotation than for cyanidation, but many exceptions to. this 
are found, At Onotman, Ariz., for instance, grinding to 85 percent minus 
200—mesh precedes cyanidation, Cyanidation, veing the most complex and 
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'Qe 11.- Flow sheet of typical eralgqamating-tabling will. 
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Fig. 12.- Flow sheet of Porcupine United Gold Wines 25-ton amalgamation plant. 
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technically difficult process, requires the most skillful operators, Moreover, 
cyanidation in small plants spelt more Inbor--that is, more man-hours per 
ton treated--than flotation, Flotation, in turn, requires more and better-— 
trained onerators than amalgamation, 


Amalgamation and cyanidation nroduce bullion that usually is marketable 
at a nominal cost for the full valve of its gold and silver content, Flotation 
and tabling, on the other hand, yield concentrates that must be marketed; this 
exj.ense may be 10 to 15 nercent of the entire milling cost, in addition to 
eporeciable loss of gold in smelting, This factor is of greatest importance 
in remote districts wiere transportation to smelters is costly, This disad— 
vantage of flotation can be only partly remedied by producing a rich concen- 
trate, as the saving in the tonnage to be transported is offset partly by in- 
creased freight rates and smelting charges, Other methods of approach to the 
problem are to amalyamate or cyenide the concentrates, 


The. initial cost of well-designed, small «old mills has renged from a few 
hundred dollars to $2,000 per ton of daily capacity, dGenending on where they 
were built, whether new or used machinery was installed, the size of grinding 
unit needed to give the required cavacity, and the type of plant, The amalga- 
mation and tabling vlant is the cneanest, followed in order by flotation and 
cyanidation plants, 


The effect’ of limited capital is seen reneatedly in the use of the type 
of plant naving the lowest first cost although another might yield a greater 
ultimate profit, The same effect usuzlly extends to the design, construction, 
and choice of machinery in the mill, 


Amalzamat ion and Gravity Concentration | 


_ . Fisvere 11 shows the generalized flow sheet of a typical small 
amalgamation-tabling plant, Occasional dofilders that would make drawing from 
the coarse-ore bin difficult or that would be too large to enter the crusher 
ere broken by hand on the grizzly. 


The coarse-ore bin is generally of timber and of conventional sloping 
bottom with a chute in front. The bottom may de covered with sheet steel or 
with a renewable board or plank lining. Caoacities range from a few to 20 
tons, Crushing usually is confined to day shift; the coarse-ore bin, therefore, 
should te large enougil to hold all ore Pr Ouene from the mine during the night 
shitt, . 


Coarse crushers are generally of the Blake or Dodge type and commonly ere 
fed by gravity turough a woouen cuute wita sliding plank gates, In very small 
plants the ore may be dimmed on a platform and shoveled by hand into the 
crusher, The crushers usually range in size from 6 by 9 to 10 by 20 inches 
and are set to oreak to minus 1 1/2 incnes to 3/4 inch, Two-stage crushing 
is seldom necessary or economical; gyratory crushers are wisuitable for the 
type of plant under discussion. Iu a plant vhere individual electric drives 
are not used, power for the crusher is often provided by a separate engine, 
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In small mills where. the building site permits, the crusher inay be on 
,top of the- fine-ore bin,’ More often elevators or belt conveyors carry the 
ore from the crusher to the fine-ore bin, In.e few plants where custom ores — 
are handled, weigtiins and samdling equipment is installed between tie crusher 
and tne bin, Otherwise, tonnaces ars usually calculated from the number of 
carloads or peuch ones and samples taken manus eat aust ahead of wpe ) grinding . 
unit. , oS | 

mhe aes bin is usually of timber Sar st cnet ion aaa likevise oz the 
sloping-bottom, front—discharge type. Its capacity should be lor 2 days! © 
mill run, as tiis will make the sine and mill fairly independent; moreover, 
a large din permits better mixing, of the pre and thus BoOwaCes: a’ more uniform 
mill teed ‘aan & bin of small capacity. . z 4 


Various types of feeders are in use, The Challenge disk-tyme Seecer 
is a favorite with sloping—bottom bins and stamos, However, small coriugated 
drum feeders, recivrocating plate feeders Sq. shaking chutes, olunger feeders, 
anc: belt--or apron—type feeders are in common use, If praperly installed all 
of these work pay esaeroraiye . 


ceca are shown in the flow sheet only pocauas of the conventional 
association of stamps and amalgamation, Ball and rod mills work satisfactorily 
in plants of this type, Important features of the stamy mill are its use as 
an amalgamator and the relative ease with which itisclsancd out, On the other 
hand,. @ ball mill acts as a trap for coarse gold, and the-plant must be shut 
down for several hours when it is cleaned out. Quicksilver is sometimes used 
in a ball mill, but the danger of loss by flouring offsets the incrcased 
chance for amalgamation. 


Five-, ten-, or twenty-stamo ‘mills are usual, and the stamps range from 

800 to 1,100 nounds in weight. Capacity ranges from 3 to 6 tons ver stamn 
per 24 eure grinding to the usial size for plate emalgamation, The screens 

used are both the wovéen-wire and punched—ylate type, the latter often having 
slotted openings, ‘The proper size of screen can be determined only by test; 
20 to 40—mesh screen cloth is in common use, «& product as coarse as 10—mesh 
causes serious scouring of rlates, Crushing finer than 20-mesn may prove 
uneconomical, as the, higner cost and lowered capacity may nullify any increase 
in recovery .. The. power needed to: operate stamps of the sizes ue used 
in small mills ranges: from 220 to" 25 tp, per stam. 


Aside frou the use ‘of quicks Sivex in the stamp batteries, sSoieaseh, 

is commonly done on plates in the tyne of mill under discussion, Other emalga- 
mating devices, such as table amalgamators, are in use, but as.no sound basis 
for comparison with plates was found their’ ‘value must be left an open question, 
One plate or series of plates is provided ‘for each 5~stamo battery, ‘The plate 
area varies widely, out 50 square feet’ per battery is an approximate AVETALZSs 
If tne gold is very fine, more plate ai‘ea is desirable. The vlates are best 
cut into sections with l- ar -2-inch drops betreer. and 4 similar drop provided 
where the nulp comes on Pie: nlate,. “The-slope of plates ranges from.1 1/2 to 2 
inches per foot, The care of plates influences recovery markedly; . Af the 
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eu oom Bue ece is not kent bright and soft, gold is lost,.. Plates are cleaned 
witu cyanide or caustic soda and dressed with quicksilver at 4— to 6-nour 
periods; the clean—1p period varies more widely but is often 24 nours, 


Mercury traps and rifled eee are installed below ae plates princi- 
nally to catcn rusty gold, floured mercury, and loose particles of amalgam 
passing over tho plates, When the slates do not function correctly a con 
siderable saving of gold may be made in the traps, 


The main surpose of taoling after amalyamation is to save the sulnhide 
content of the cre or heavy oxidized minerals thet contain gold or can be 
shipped profitably for their own velue, Tn? concentrate is usually caught 
in settling boxes, shoveled out »eriodically, criec, and sacked, The operat-— 
ing cost of a table is very low, and its water consumtior is slight when 
treating the dilute pulp from amalgamting plates, Because of the relatively 
low recovery by amalgamation, tne teilings fron a ‘itl af this tyne should be 
stored, if feasible, rather tnan run to wasto,with a view bo possible future 
treatment, 


A Sestanm mili of the tyne described sneha in California in 1931-32 
for $10,000, Electric nover was available, so the cost excluded a pover 
plant, The installed motors totalled 20 hp. The stamps, weighing 1,000 
pounds and droppin: about 6 inches and 110 times a minute, had a capacity of 
ane) tons in 24 hours through «a 40-mesh Seyens 


Three analgamators and a crusneriran on day shift usually constitute the 
crew for a small mill of this type. If tailings disnosal or power-—plant 
operation is included, a crew o7 S to & men may be necessary. The labor cost 
may range from. $0.50 to $2.00 per ton and total operating cost from $1.00 to 
$3.50 per ton, 


Modification of the simle flow sheet described that yet retain plate 
amalgamation as their chief metliod of recovery Ate’ numerous, One such may 
be described briefly. ‘At the Porcunine United’Golé: Mines, Ltd., Timmins, 
Cntario, a 25—ton amalgamation plant vas put in oncration in March 1929 wl 
The flow sheet is shown in figure 12, tn wiich the: points of difference from 
figure ll are apparent.:-The table focd: was 65-percent minus 200—mesh, but 
it is to be noted that the amalgamation plate feed was the unclassified ball- 
mill discharge, Milling nad to be controlled: to: mrevent the: discharge of 
material so coarse that it would scow the plates, As this discharge con- 
tained about 35 percent solids, water was acced to it ahead of the plates, 
Forty percent of tne ¢old recovered was taken from the plates, which were 
dressed every 3 hours and cleaned daily, The distributing box acted as a 
trav for coarse sold and was cleaned ovt periodically. 


EME Ore eter e-aeT EE aewe Woe ee 


5/ Varyy R. Aas Siewane cn Practice at at the Porawpins United Gold Mines 
(Li re Timmins, Onterio: Information Circular 6433, Bureau cf Mines, 
1931, 5 po. 
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The pinneeas composed of what is known as "silence cloth", were wasned 
out in a tub evory time’ the plated were dressed; the concentrates from here, 
together with miterial periodically cleaned out of launder,. sunps, and ais 
tributing box, were ground in a cast-iron amalgamation barrel, The treatment 
in this Darrel consisted of 10 hours grinding with steel balls, followed by 
addition of mercury and lime and s6veral hours more grinding, Tunen the: 
barrel was washed out, the analgaa and uercury were collected and washed, 
end the residue was returned to the mili. About SE nercent of the recovery 
was made in this fashion, 


The amalgamator on the James table caught fine old and float mercury; 
it was cleaned weekly. The table concentrates, averaging $40 a ton, were 
eenaveres and sent for cyvanication to a neighboring mill, 


The mill crew included a crusherman and a foreman operator on day shift 
and one amalgamator on each of the other two snifts., The ball mi ll and 
other machinery in the mill prover were criven from a line shaft by a 5Q-hp. 
motor, except the classifier which was driven by a Shp, individual motor, 
Power was purcnased at a cost of about 1 cent ner iia: 


Mill heads averaged $11,00, analgamation tailings $2.80, and table 
tailings $1.80 per ton. Segregated costs per ton are shown in tae following 
tables, Ball and liner consunmtion was about 2 pounds per ton; 0,05 ounce © 
of mercury wes lost per ton; power consimption was 4) kw,-hr,. per ton, — 


Operation costs per ton of ore treated 


$0 ,125 
2180 


CUSHING sss saw Wisk dees 6 eeeleeeus $0,214 
Grinding erect snneegreocneereeseseds 


Classifying, screening, conveying, 


and! Terining el cesuawsamossee 2090 2626 
Miscellaneous @eveaeegnveeseeveevenve __2070 
Total @eateoeesneeoneseonesenveeed 1,851 


et 


Flotation | _ ee 


The flotation process:has come irtto extensive use for treating gold ores 
during the last few years, It is usually supvlemented, however, by one of 
the other methods of concentration, One reason for this is that many ores 
contain gold particles too large to be floated readily. Another reason is 
that with a mill feed of the varying character usval in small operations some 
safeguard or indicator, such as a scavenger table, is needed to warn against 
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Fig. 13.- Flow sheet of a 35-ton gold flotation plant. 
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serious losses, Grinding for flotation is usually done in closed circuit 
with a classifier, and it is often fond advantageous to insert a table, 
plates, or blankets in the circuit to rriove free gold, esnecially the 
coarser particles that otherwise wovld settle in the mii]. or classifier, 
Incidentally, this apa may vermit the morieting of part of the gold in 
bullion form rather than as a concentrate, 


The vrinciples of fletation oF gold ores are less well understood tnan 
those of amalzametion, cyenidation, or travity concentration; some of its 
practices are stil! inthe exoerimental stwege. In any particular case, the 
reagents, dezren of erindinz, and tynz of cell to te used should be deter- 
mined by laboratory test before Cesizning the inill, Many types and makes 
of cells sre in use, and the results a-cpear to favor none, Grinding is 
carried farther than for amalgamation or for percolation leaching; 100 per 
cent of the ore, as a rule, is sround to nass SO-mesh and 65 to 85 percent 
to minus 2G0—mesh, 


The flow sheet of a 35-ton gold Slotation »lant is shown in figure l3. 
As ore from several sources was trentec, seperate small ore bins were pro- 
vided as well as a patio above the mil? where ore could be dumped. A l-ton 
mine car was used to tran the ore from the ore bins to the crusher pockat; 
platform scales were installed so that each carload covld be weighed, The 
jaw crusher was driven by a vertical-type hotiead (semi-Deisel) oil engine; 
' the crusher was about 100 feet frou tiie mill ore bin. Samples were taken 
Peery where the crusned-ore Coney discharsed into the fine-ore bin. 


The tro:mmel on the ball-mill ‘discharge originally was made of 1/4~inch 
mesh screen cloth, >but a finer size was used when it was found that coarse 
particles were diluting the teble ‘concentrate, The rougher table concen- 
trates were very rich, 


The first flotation cell produced a finished concentrate from the 
first 6 feet of its overflow and a nidaling x©rom the other 6 feet, The 
middling joined the froth trom the scavenger cell and was pwmed back to the 
classifier, ; : 


It was contermlated that the concentrates could be cyanided vrofitably 
‘in a small auxiliary plant of tne vorcolation-leaching, pine vex type, 
inasmuch as transportation to smelter and smelter charges were costly and 
losses were high. 


“Water was scarce, and the trouble and expense of reclaiming water from 

small dams on the slope below the mild were at first serious, 

ee The ore ves quartz with free gold, gelena, pyrite, and arsenopyrite, 
That from. different deposits varied widely in hardness and flotation char-= 
acteristics. The average mill heads carried ebout 0.6 ounce of gold and 3 
ounces of silver per ton, The*combined flotation and table concentrate 

carried 10 to 14 ounces of gold per ton, 15 percent of lead, and 40 percent 
‘oF insoluble, 2 | 
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The regular mill crew consisted, of 10 men, including a foreman, tranmer, 
crusherman, and sampler on day.-shift.and a: flotation operator and tailiugs- 
disposal man on each oe The tailings men also dried and sacked the, con- 
centrates, ee ea 6 7 | 


Except for the ce power for the mill was sunplied by a 120~hp., 
4—cylinder Deisel engine. 4 small generator for supplying lights at the 
mill was belted to the verses Two or three small gasoline engines were used 
on the water supply « 4 | pe 


The nlant was built in 1933434 and cost $17,500; nary: all of the 
machinery was second-hand, 


OF 
“& 


Cyanidation 


Cyanide plants are of two types--percolation and agitation, Where the 
ore is porous and the gold relatively fine, a satisfactory saving of the 
gola may be made by sinmle percolation in tanks, This permits a considerable 
saving in grinding costs, Where the ore is dense, however, fine grinding is 
necessary im order that ‘the cyanide solutions may come in eonueak with the 
gold, 


Figure 14 shows the flow sheet of the Big Jim ees mill at Oatman, 
Ariz., which is representative of an agitation type of small plant. The 
rated canacity was 50 tons per 24 hours, The ore treated consisted of a dense 
quartz—-calcite gangue containing free gold, It contained no sulphide but had 
about 1 ounce of silver to 2 ounces of gold, The gold was so finely divided 
that unusually fine grinding was necessary, : oo | 

he flow sheet comprised coarse crushing, 1 stage of fine grinding, and 
1 stage of thickening from which the pregnant solution was derived, followed 
by 3 Stages of agitation and 5 stages of thickening from which a finished 
tailing was obtained. The pregnant solution was Clarified and then treated 


by the Merrill-Crowe process, 


The crusher was driven by a 50-hn. motor and was operated 4 to 6 hours 
per day. The ball mill was driven by a 75-hp. motor at 18 r.pem. The classi- 
fier discharge was 80 to 82 percent minus 200—mesh, Ball consumption ranged 
from 2.5 to 4.5 pounds of chrome-steel balls per ton of ore. Grinding was 
done in cyanide solution, About 50 vercent of the gold in the ore was dis- 
solved in the mill. The cyanide solution was drawn from the main mill -storage 
tank at the rate of 330 tons per 24 hours. The classifier overflow carrying 
15 percent solids flowed to no. l thickener which was 24 feet in diameter 
and & feet deep. The overflow passed by gravity to the precipitation section 
of the plant, The thickened discharge twhich contained 40 percent solids was 
raised by a diaphram pump to the first of three agitating tanks, Tank no, 1 
was 19 feet in diameter and 14 feet deep; nos, 2 and 3 were 13 feet in dian 
eter and 14 feet deep, Air for the agitator and lifts was supplied at a 
pressure of 30 pounds per square inch by a 7 1/2- by 6-inch compressor driven 
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by a 10-hn, motor, About 95 »vercent of the gold had benn taken in solution 
by the time the pulo left no. % egitator., Frou there it went to no, 2 
thickener and thence to nos, 3, 4, 5, and o,° The tnoickeners were 15 fees in 
diameter and 10 fect deen, Tne discharse from no, 5 which was the tailing 
contained 50 vercent solids, Titty tous of flush water was added to no, 6 
thickener caily; 106 tors of barren soluticn from tne precipitation section 
w2s added to the no, «: thickener, Tuis solnticn contained 2,2 vounds of 
sodium cyanide, 2 powrds of lime, and ae tiace of sole. to the ton, The over- 
flow fron no, 2 thicicecer, “20 tens ner day, w.s vurmed to the mill storage 
tank, The pregnant salution froa no, 1 thickener ran to a Butters clarifying 
filter having o tan: 11 feet in diamcte: aud § 1/2 feet deep: it was then 
pumped to tne clear goln=-solution tan': 11 feet in diameter and 6 feet deén, 
Brom there it nassed throuvth tle Merrill-—Crowe, veacumtreatment, zinc-dust 
precinitation process, Zinc dust enc lead acetate were added automatically 
to an emilsifier ahend of a trivlex circular mum, 


The precipitate press was cleaned twice scntnly; the precipitate was 
placed in a graphite crucible and melted i: au oilefired furnace, For each 


190 .ounds of precinitate, 20 wounds of borez, 10 nownds of soda, and 6 pounds 
of silice wore used for fluxinz, 


The total instolled electric nover in the mill was 290 ho, 
on the mill pay roll, inclucin;; a sw:erintendent. Cyanide consumtion was 
0.75 to 1,00 sound per ton of ore and lime consuimtion 4 »nounds per ton, Zinc 
dust was added at the rate of & novnds ~er 24 hours or 0.7 ounce per ton of 
solution; lead acet»te wes addod at the rate of 1 owice oer ton of ore, 


‘ine men were 


The recovery was 97 to 98 percent, Tre milling cost was $2.44 per ton, 
including a rental charge of $1,000 per month for tne will. The plant is re- 
ported to fave cost $102,900 in 1923 when it was built, 


To reduce the loss of soluble gold in tue triling the recent trend in 
cyanide practice is to substitute filters for some of the thickeners. The 
pulp may be filtered once and cischazged, or the cexe from the first filter 
may be pulped and filtered a second tine, | | 


Where a satisfactory savine can be mace by fairly coarse grinding, the 
sands may be leached by nercolatins the cyanide solution through the ore in 
tanxcs; the ore is crusued by stamcs or ground in 4 ball mill to minus 8= or 
l0-mesh, The sands are senarated fron the slimes by classification; the 
slimes are treated by flotation or leached by awzitation. At a few plants 
treating a porous product the ors is crushed and then reduced to about 1/2- 
inch size by rolls. Rolls are used to lrtep sliming to a mininwm. ‘The ore 
is then fed to a series of tanics with filter bottoms. Usually one tank in a 
series is filled with ore, the tailing discharged from the second, the ore in 
the third leached with strong solution, that in the fourth leacned with weak 
solution, and the tuiling in the fiftu washed. ‘the gold is »recinitated from - 
tne solution and the precivitate handled by the standard method, 
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The percolation method when annlicable has decided advantages in that 
the cost of the plant is reletively low and the cost per tou oF treating; 
the ore is very much lover than that vith agitation Teaching, Tie elimina- 
tion o21 fine grinding greatly reduces tave comand for power, ‘The extraction 
by oercolating leaching, hovevei', seldom exceeds (J percent, as comnared to 
about 95 percent by eee ere | ! 

ror an ultimate profit to be made in working a mine, returns from the 
ore must cover the. miniug and treatment costs and reoey all canital expendi- 
tures, At small gbld mines with limited reserves it is difficult to esti- 
mate the charges per fon for amortization and cepletion, This is true 
esnecially wliere a proverty is ih the development stege and probably more ore 
will be opened wo, Morenver, any ore tnat can be produced at less than tne 
direct cost is usually taken out, 

Direct costs can be given closely where records are kept. Jhe princinval 
factor governing the stoning cost at the type of mines discussed in this 
paver is the sizso of the orebodies. 


the amount and cost of development required per ton o= ore stoned de- 
pends upon the size and distribution of the orebodies, ‘The geological skill 
exercised in the search for orebodies will also have an inwortant bearing on 
the amount of prepaid development which ultimately will have to be charged 
against each ton of ore roduced, In many cases, however, where new conmanies 
have been formed to take over previously worked mines advantage may be taxen 
of old work that already nas been liquidated and for which no charges need 
be made against future production, Mordover, lessees wilo lis.ve no responéi-~ 
bility for work previously done may worl: sections of a mine, 


Milling charges will depend won the size of the oneration and the type 
of milling nlant, Trucking and freight costs denend mainly woon distances, 
The costs of supervisicn and overhead depend upon ths form of organization 
and the quality of the manageme:.t, Where a small grou of men are working 
on their own account there may be no expense for sumervision or overhead, 
Royalty and smelter rates are ‘matters of negotiations, 


Labor is the principal iten of expense, Where the work is done by hand, 
wages may account for as high as 80 percent of the total direct cost. . 


Segregated costs at 10 representative small gold mines are shown in 
table 4 : 
Tt will ba noted that in this grow of mines total costs range trom 
$3.74 to $27.10 per ton, The conditions at the mine:where the minimum costs 
are Siow) were unusually favorable, and‘a relatively large tonnage (90 tons) 

was mined daily. Mining: ‘costs may gr eatly exceed the maximim snovm in the 
table where rich ore is extracted fron very narrow Seams. ‘At © one-man mine 
in Montana the cost of vroducing a ton of ore was $1,600 in 1933; the ore 
contained $2,000 in gold, 
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In calculating net returns royalties naid to the owners of the sround 


and losses incurred by milling and sn.ltiy: inust be consid-red, ‘Royalties 


renge from 10 to 40 percent of rect returis fro2a tie smelter or mi:l. Mill 


losses range frou as michas 40° 9¢-coib in analganator plants to a minimum 
of 2 percent in somé cyanide mills, Waoore @ concentrate is smelted, losses 
botn at the mil! and srslter rust ta considered, Smelter cormanies in 1935 
paid intermittent suioners Yor orly uvo.1t 90 pevcen.t of the fold in the ore 


or concentrate, 
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7=ton truck 


1-inch inclined stationary bar grizzly 


Under size Oversize 


Separate conpar tment RN=-ton coarse-ore bin 
of coarse-ore bin 


Altis—Chaimers 9- by 12-inch 
jaw crusher, set at 1 inch 


12-inch belt conveyor 


Merrick weightometer 


80-ton fine-ore bin Mill-solution 
storage tank 
Pan conveyor 


No. 64 = ball mill 
Dorr duplex classifier 


Sand . Over f low 


Dorr thickener (no. 1) 


Over f low Thick pulp 
Butters clanifier Dorr agitator (no. 1) 
Clear gold solution tank Dorr agitator (no. 2) 
Merrilt-—Crowe de-aerating tank Dorr agitator (no. 3) 


Merrill precipitate press Derr thickener (no. 2) 


Precipitate Barren solution Thickened pulp Over f low 
Tilting furnace e Dorr thickener (no. 3) 

pw) 

<4] Thickened pulp Over f low 
Dorr thickener (no. 4) 
Thickened pulp Over f low 
Fresh water Dorr thickener (no. 5) 

Thickened pulp Over flow 


Dorr thickener (no. 6) 


Thickened pulp Over f low 


Tailings to waste 


Fig. 14.- Flow sheet of Big Jim (Tellunide) mill. 
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